Transport sustainability has direct association with improvement of urban emissions levels. Different sustainable steps like promotion of public transport, walking or the use of bicycles, reduction in the number of personal cars and improvement in speed (up to 50 km/h), fuel and model of vehicles can decrease emissions levels in the cities. In this study, emission factors of seven different vehicles have been calculated using the OSPM software. An estimated decrease of 7% in NO x emission, 33% in CO emission and 25.8% in benzene emission has been observed with 10% reduction in the number of cars and 10 km/h gain in speed (from 40 to 50 km/h). It has also been observed that 2005 model buses using 1999 level fuel emit 1.3 times less benzene, NO x and CO emissions compared to 2000 model buses using the quality of fuel, which was available in 1990 in Europe.
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THE world population has been increasing at a rapid rate, especially in the developing and under-developed nations. One of the main features of the developing nations is the emerging urbanization. According to the United Nations' (UN) estimates, more than 90% of the urbanization has been observed in developing nations 1 . The migration to big cities due to lack of facilities at grass-root level and small cities has created problems like dense population, traffic congestion, air pollution, poor slum conditions, health issues, etc. in big cities of developing countries. Under-developed countries are in a phase of economic development at a considerable rate. The rapid urbanization often results in enhanced ambient air pollution levels. In the coming 20 years, the urban population will be 2 billion in the developing countries, with an increasing rate of 70 million per year. The urban population will be doubled in Asia and Africa at that time. Almost 80% of the urban population of the world will be living in developing countries by 2030 (ref. The UN has introduced 17 Sustainable Development Goals for a sustainable and peaceful world for mankind by 2030 (ref. 4) . Goal 11 deals with sustainability of cities. The target 11.2 states that: 'By 2030, provide access to safe, affordable, accessible and sustainable transport systems for all, improving road safety, notably by expanding public transport, with special attention to the needs of those in vulnerable situations, women, children, persons with disabilities and older persons' 5 . Pakistan is one of the developing countries undergoing industrialization with considerable increase in motorization and energy use. The population and area of big cities in Pakistan have been increasing at a considerable rate. Lahore is the second largest city in Pakistan. In the past few years, an increase in population and car usage has been observed in Lahore. Vehicles are the main source of air pollution in urban areas and cause health impacts on road users and urban communities.
The number of vehicles has been increasing in Punjab Province and Lahore at a considerable rate. Figure 1 shows the trend of increase in the total number of vehicles, cars, motorcycles and auto rickshaws from 2006 to 2015. A total number of 4,287,662 vehicles were registered in Lahore on 30 June 2015; of which 64.5% was motorcycles and 25% was cars, jeeps and station wagons (Figure 2) . The overall rate of increase in the total number of vehicles, cars and motorcycles was 14.97%, 9.73% and 18.18% respectively (Table 1 ). Significant increase was observed in the number of motorcycles, due to their low buying and operational cost.
Each vehicle on the road using fossil fuels has been contributing to urban air pollution in the city. People are reluctant to use public transport as it is inefficient, inconvenient and time-consuming 6 . The land-use developments in Lahore city lack basic policies of transport sustainability. The level of sulphur is high in fossil fuels being used in Pakistan compared to international standards, which is the main source of SO 2 emissions in urban and industrial areas of the city 7 . The manufacturing companies are unable to introduce better engine quality and catalytic converters in the country due to poor fuel quality. People are found to use conventional lifestyle in many aspects like use of personal cars, use of conventional fuels, etc. There is need to introduce modern sustainability measures in all walks of life.
Emission of greenhouse gases is a matter of concern at the city, regional and global level. There is need for effective mitigation policies to reduce carbon emissions at these levels 8 . Use of renewable energy resources has resulted in the reduction of emission levels in the cities 9 . A long list of transport sustainability indicators may be generated with regard to environmental, social and economic domains. In this study, indicators having a direct link with environmental aspects have been selected. These include: reduction in the number of personal cars, improvement in fuel and engine quality, enhanced road width (number of lanes), signal-free tracks.
The Operational Street Pollution Model (OSPM) has been used to calculate emission factor of different vehicles. This model has already been successfully used in Stockholm, Helsinky, Copenhagon, China, USA and Vietnam [10] [11] [12] [13] [14] [15] [16] . It has also been successfully used to model NO x emissions in Chembur (an industrialized and congested area with automobiles), Mumbai, India 17 . The OSPM software has built-in data regarding calculated emission factors of different models of vehicles. Moreover, these emission factors can also be calculated at different speeds for a given quality of fuel. In this study the emission factors of seven different classes of vehicles have been calculated considering fuel quality of the 1990 level and vehicle models of the 2000 found in Europe, at an average speed of 40 km/h. Emission factors of PM 10 , NO x , CO and benzene have been calculated using the OSPM software and emission factor of SO 2 has been taken from a previous study in Hanoi, Vietnam with similar conditions 2 . Five main roads of Lahore (Ferozpur road, Gulberg road, Jail road, Mall road and Multan road) were selected to study the transport sustainability indicator. Diurnal (24 h) traffic pattern was studied on these five roads. Traffic count was performed by a team of three persons during May 2016 on working days. A movie camera was used to record the number of vehicles on a single point on each road. Traffic count was performed on 9, 10, 11, 12 and 17 May 2016, for Ferozpur road, Gulberg road, Jail road, Mall road and Multan road respectively. More number of lanes and low adjacent building heights help reduce vehicular exhaust emissions. The impact of road width on emissions levels has been discussed according to semi-empirical urban street (SEUS) model design.
The signal-free tracks having underpasses and overhead bridges, help reduce congestion and improve vehicle speed as well. The reduction in emission levels of vehicles for an optimum increase in speed has been calculated and drawn using the OSPM software.
Diurnal traffic was calculated on the five selected roads in Lahore. The average speed remained around 40 km/h on Ferozpur road, Mall road and Multan road. The average speed on Jail road and Gulberg road was around 50 km/h. The economical and capacity-building factors in developing countries are hurdles in conducting such studies 18 . Figure 3 provides the emission factors of seven different classes of vehicles.
There are a large number of personal cars on the road due to lack/less use of public transport by the upper and middle class of the city. The use of personal cars can be reduced to a considerable number through introduction of better and efficient public transport. Table 2 provides the details of observed diurnal traffic at the five selected roads. Table 3 shows the calculated emission levels (due to cars) of selected pollutants for each kilometre at an average speed of 40 km/h in the five different roads. A possible decrease in the emission levels with decrease in number of cars and improvement in speed (from 40 to 50 km/h) has also been indicated.
PM 10 and SO 2 emission factors remain almost the same with gain in speed of vehicles (from 40 to 50 km/h). An estimated decrease of 7% in NO x emission, 33% in CO emission and 25.8% in benzene emission has been observed with 10% reduction in the number of cars and 10 km/h gain in speed (from 40 to 50 km/h). Similarly, 17.5%, 40.7 and 34% decrease has been observed in NO x , CO and benzene emissions respectively, with 20% decrease in the number of cars and 10 km/h gain in speed (from 40 to 50 km/h) ( Table 3) .
Transport-related environmental pollution can also be reduced by introducing several innovations in vehicle design and fuel quality. Air quality is directly related to fuel consumption. In 2009, Pakistan had opted Euro II standards for vehicles, i.e. Pak II. The fuel quality in Pakistan is almost that of the 1990 level found in Europe. The benzene content (about 3.7%-5%) in petrol used in Pakistan is very high 19 . Similarly, the concentration of sulphur is considerably high in diesel (0.5%-1%) and furnace oil (1%-3.5%) compared to international standards 20 . Consumption of fossil fuels has been increasing at the rate of about 6% per annum. Half of the petroleum products is being used by the transport sector in Pakistan. Some South Asian countries have minimized the sulphur content in diesel to 0.035% and furnace oil to 0.5% (ref. 20) . In India, a number of green policies were introduced in Delhi, under the direction of the Supreme Court of India. The content of sulphur in diesel (1%) and petrol (0.2%) was minimized to 0.05% from 1996 to 2001. The commercial vehicles were converted to CNG and 15-year-old automobiles were banned in Delhi 21 . Later, 10-year-old diesel vehicles were banned in India according to NGT Rule, 2015. A high level of fuel quality is required to achieve Euro standards in Pakistan. The decrease in sulphur content in petrol, diesel and furnace oil, and benzene content in petrol can improve the emission factor of different vehicles. Vehicles can achieve better Euro standards with provision of better fuel quality and use of catalytic converters. It must be made mandatory for luxury vehicles to be equipped with catalytic converters and pay tax on certain roads. However, catalytic converters can only be used in vehicles with provision of very low sulphur content (0.05% or less) 20 . The emission factors of SO 2 and benzene depend upon their concentration in fuels. Therefore, these emission factors can be improved through provision of better quality fuel with low benzene and sulphur content. The emission factors of CO, NO x and PM can be improved through improved engine technology and the use of catalytic converters. Road width has a direct impact on traffic-produced turbulence. The SEUS model has been designed using the formula describing inverse relation between emission concentration and road width
where E is the emission rate per length, C the model concentration of pollutant in the street, s the dispersion velocity, W the street width and Cb is background concentration 22 . Therefore, road width has a direct impact on reduction of air pollution on roads. Also, roads with more number of lanes, green belts, greater speed of vehicles and low adjacent building heights have low concentration of pollutants. The pollution levels are low at Gulberg road compared to Mall road, Multan road and Ferozpur road due to greater width, higher speed of vehicles and signal-free factors in the former.
A reduction in most of the pollutants has been observed with increase in speed to an optimum level. However, NO x emissions increase with increase in speed for diesel vehicles. The congestion and low speed of vehicles result in enhanced levels of pollutants 23 . In Lahore, most of the personal cars and all motorcycles use petrol as fuel. Only the loader trucks and most buses use diesel as fuel. Therefore, increase in speed to an optimum level of 40-50 km/h results in decrease in urban emissions. Moreover, with provision of signal-free tracks, congestion, number of cold starts and fuel usage are found to decrease. Figure 5 shows the trend of vehicular exhaust pollutants for Euro II gasoline cars (cylinder capacity, cc: <1.41) generated by OSPM.
Urban air pollution has negative correlation with transport sustainability measures. Road width, better fuel quality, advance engine type, signal-free roads, mix developments and use of electronic technologies are Reduction in the number of cars can also improve the speed of vehicles, which can result in reduction of emissions, especially CO and benzene. It has been found that 20% decrease in the number of cars and 10 km/h gain in speed can reduce CO and benzene emissions to 40.7% and 34% respectively. Very little change has been observed for emission factors of NO x , SO 2 and PM 10 with gain in speed from 40 to 50 km/h.
